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© A rotor of a synchronous motor according to the 
present invention includes a plurality of permanent 
magnets (12) radially disposed around a shaft (10), 
and a plurality of laminate core members (14) dis- 
posed around the shaft (10) to clamp each perma- 
nent magnet (12) and serving as magnetic poles. 
The permanent magnets (12) are extended as a 
continuous member substantially along the full 
length of the laminate core members (14). Each 
laminate core member (14) is separated substantially 
in the middle by a disc member (24). The disc 
member (24) includes a shaft hole (26) at the center 


into which the shaft (10) is fitted, and a plurality of 
magnet engagement holes (28) around the shaft hole 
(26). Each magnet engagement hole (28) has a 
peripheral edge portion (32) having substantially the 
same profile as the section of the permanent magnet 
(12) and is formed in substantial alignment with each 
permanent magnet (12). Accordingly, each perma- 
nent magnet (12) is held at a predetermined position 
in a radial direction by the magnet engagement hole 
(28) of the disc member (24) against an external 
direction acting outward relative to trie radial direc- 
tion due to centrifugal force, etc. 


UJ 
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TECHNICAL FIELD 

The present invention relates to a rotor for a 
synchronous motor, and more particularly to a rotor 
for a synchronous motor which includes a plurality 
of permanent magnets radially arranged around a 
rotating shaft, a plurality of laminated core mem- 
bers arranged around the rotating shaft so as to 
hold each magnet between the core members in a 
circumferential direction and so as to form mag- 
netic poles, and fastening means for fastening each 
magnet at a predetermined radial position between 
adjacent core members. 

BACKGROUND ART 

A rotor for a synchronous motor, which in- 
cludes a plurality of permanent magnets radially 
arranged around a rotating shaft, and a plurality of 
laminated core members arranged around the ro- 
tating shaft so as to hold each magnet between the 
core members in a circumferential direction and so 
as to form magnetic poles, has already been 
known. In such rotor, the permanent magnets and 
the laminated core members are generally sup- 
ported as follows: annular end plates are fixed to 
the rotating shaft and arranged at the axial both 
ends or the permanent magnets and the laminated 
core members, each laminated core member is 
fixedly held in the rotor by a rod member which 
extends through the core member and is con- 
nected to the end plates at both ends of the rod 
member, and then, each permanent magnet is po- 
sitioned and fixedly supported in a radial direction 
by outer and inner hooks which are formed respec- 
tively at outer and inner periphery of side surfaces 
of adjacent laminated core members. 

When the rotor having such a structure is used 
for a high-speed synchronous motor or a high- 
torque synchronous motor formed by axially con- 
necting the rotors to one another, the rotating shaft 
and the rod members may be radially outwardly 
bent by centrifugal t -ce or bending torque caused 
by reaction of an c. ,ect to be driven. As a result, 
the balance of a rotor is deteriorated and the dis- 
tance between the outer circumferential surfaces o\ 
the laminated core members and the inner circum- 
ferential surfaces of a stator surrounding the rotor 
is varied, possibly causing a cogging torque to be 
generated and the laminated core members to be 
brought into contact with the stator. 

A solution has been provided such that a re- 
inforcing member, used for preventing the rod 
members from being bent by external force, is 
incorporated into, e.g., the rotor for a high-torque 
synchronous motor. An example of this kind of 
rotor is illustrated in Figures 6a and 6b. The rotor 
includes two core assemblies 2 axialtv adjacent to 


each other and fixed to a common rotating shaft I. 
Each core assembly 2 has a plurality of permanent 
magnets 3 and laminated core members 4. Rod 
members 5 extend successively Ihrough the lami- 

5 nated core members of both core assemblies 2, 
and are connected to end plates 6 at the each end 
of the rod members. Disc member 7 including a 
shaft hole, into which the rotating shaft 1 is in- 
serted, and rod supporting holes, into which the rod 

ic members 5 are inserted, is arranged between the 
core assemblies 2. Each laminated core member 5 
is provided with an outer hook 8 and an inner hook 
9 for supporting the permanent magnet 3. The 
circular-plate member 7 is a reinforcing member 

75 for fixedly and mechanically retaining the rod mem- 
bers 5 against external force, and thus maintaining 
the rigidity of the rotor. 

In the above-mentioned conventional rotor, the 
outer peripheral surface of each laminated core 

20 member is formed bulgmgly aiong a predetermined 
arc, so that the magnetic flux in the gap between 
the inner peripheral surface of a stator and the 
outer peripheral surface is distributed in a 
sinusoidal curve relative to a rotation angle. There- 

;?5 fore, in the case where a small number of the 
magnetic poles or laminated core members is 
used, or where the thickness of the permanent 
magnets is small, idealizing the arc form of the 
outer peripheral surface of the laminated core 

30 member may mean that the outer peripheral sur- 
face of the permanent magnet cannot be covered 
with the distal end of the arc, and thus making it 
difficult to form the outer hook. In the above-men- 
tioned conventional rotor, however, the fixing of the 

35 permanent magnets particularly in a radial direction 
depends on the outer hooks provided to the lami- 
nated core members. Consequently, in this case, in 
order to ensure the structural reliability of the rotor, 
the outer hooks are formed more or less at the 

40 sacrifice of obtaining the ideal sinusoidal-curve dis- 
tribution of the magnetic flux. Such a formation of 
the outer hooks deteriorates the rotor performance 
by, e.g., a cogging torque. 

45 DISCLOSURE OF THE INVENTION 

The object of the present invention is to pro- 
vide a rotor for a synchronous motor having the 
structure described in the head of this description 

so wherein, even when the outer hooks for holding the 
permanent magnets cannot be formed on the lami- 
nated core members, a plurality of permanent mag- 
nets can be fixedly retained against radially out- 
wardly acting external force, and thus to provide a 

55 rotor for a synchronous motor having high rigidity, 
good balance, and high reliability. 

To accomplish the above object, the present 
invention nrovides a rotor for a synchronous motor. 
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comprising a rotating shaft; a plurality of permanent 
magnets radially arranged around the rotating shaft, 
and extending in an axial direction; a plurality of 
laminated core members formed by axially stack- 
ing magnetic thin-plate cores, and arranged around 5 
the rotating shaft while holding each permanent 
magnet therebetween so as to constitute magnetic 
poles; a pair of end plates arranged at axial both 
ends of the permanent magnets and the laminated 
core members, and fixed to the rotating shaft; a w 
plurality of rod members passing through each of 
the laminated core members in the axial direction, 
and connected to the end plates at both ends of 
the rod members; and a fastening means for fas- 
tening the permanent magnets between adjacent is 
laminated core members at predetermined posi- 
tions in a radial direction; wherein the fastening 
means includes at least one circular-plate member 
arranged at a predetermined position in a lami- 
nated construction of the laminated core members; ?o 
the circular-plate member being provided with a 
shaft hole into which the rotating shaft is fitted, rod- 
supporting holes arranged around the shaft hole, 
into which the rod members are inserted, and mag- 
net-fastening holes arranged between adjacent rod- 25 
supporting holes, into which the permanent mag- 
nets are inserted; ;he magnet-fastening holes being 
termed in and passing througn the circular-plate 
member while having peripheral edge portions 
adapted to abut on at least radial outer surface of 30 
the permanent magnets at positions substantially 
corresponding to the permanent magnets. 

When the circular-plate member is arranged at 
a predetermined position in a laminated construc- 
tion of the laminated core members, the permanent 35 
magnets pass through the respective magnet-fas- 
tening holes of the circular-plate member. At this 
time, the peripheral edge portions of the magnet- 
fastening holes abut on at least the radial outer 
surface of the permanent magnets. When the rotat- jo 
ing shaft is fitted in this state, the circular-plate 
member is retained in a radial direction by an 
engagement between the shaft hole and the rotat- 
ing shaft, and the deflection of the permanent mag- 
nets in a radial outward direction is prevented by 45 
the peripheral edge portions of the magnet-fasten- 
ing holes of the circular-plate member. 

According to the preferred embodiment of the 
present invention, the circular-plate member may 
be made of a non-magnetic material. Further, the 50 
circular-plate member may be arranged at posi- 
tions dividing the laminated construction of the 
laminated core members into some equal parts. In 
this case, the circular-plate member may also be 
arranged at generally center position in the axial bb 
direction of the laminated construction of the lami- 
nated core members. Preferably, the magnet-fas- 
teninq holes of the ctroular-nlato momhpi hrwr> 


peripheral edges with substantially the same profile 
as a cross-sectional shape of the permanent mag- 
nets perpendicular to an axis of the permanent 
magnets. 

The permanent magnets may have a length 
slightly projecting from axial both end faces of the 
laminated core members, and the fastening means 
may further include a plurality of fastening reces- 
ses formed in each of the end plates so as to 
receive the end portions of the permanent magnets 
while defining pcipheral walls acapted to aout on 
at least the radial outer surfaces of the end por- 
tions, at positions substantially corresponding to 
each of the permanent magnets. The fastening 
means may further include fastening hooks projec- 
ting from side surfaces, being in contact with the 
permanent magnets, of the laminated core mem- 
bers by inner edges of the laminated core mem- 
bers in a circumferential direction 

Each of the permanent magnets may be 
formed as a continuum extending along generally 
axial entire length of the laminated core members. 
Alternatively, each of the permanent magnets may 
be divided in each of the magnet-fastening holes of 
predetermined circular-plate member arranged in 
the laminated core members. Further, an impreg- 
nent may be impregnated into the gaps between 
several components of a rotor core assembly con- 
structed of a combination of the permanent mag- 
nets, the laminated core members, the end plates, 
the rod members, and the at least one circular- 
plate member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and the other objects, features, 
and advantages of the present invention will be 
described with relation to the embodiments shown 
in the accompanying drawings, in which; 

Fig. 1 is a partial sectional side view of a rotor 
according to the first embodiment of the present 
invention, taken along line l-l of Fig. 2; 
Fig. 2 is a sectional view taken along line ll-ll of 
Fig. 1; 

Fig. 3 is a front view of a circular-plate member 
of a rotor shown in Fig. 1; 
Fig. 4 is a partial sectional side view, similar to 
Fig. 1, of a rotor according to the second em- 
bodiment of the present invention; 
Fig. 5 is a partial sectional side view, similar to 
Fig. 1, of a rotor according to the third embodi- 
ment of the present invention; 
Fig. 6a is a partial sectional side view of a 
conventional rotor, taken along line a-a of Fig. 
6b; and 

Fig. 6b is a sectional view taken along line b-b 
of Fig. 6a. 
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BEST MODE OF CARRYING OUT THE INVEN- 
TION 

Referring to Ihe drawings, Figs. 1 and 2 show a 
rotor for a synchronous motor according tu the first 
embodiment of the present invention. The rotor 
includes a rotating shaft 10, six permanent mag- 
nets 12 radially arranged around the rotating shaft 
10, and six laminated core members 14 arranged 
between each of the permanent magnets t2. Each 
permanent magnet 12 extends, as a continuum, 
along substantially the entire axial length of the 
laminated core members 14. Each laminated core 
member 14 is formed by axially stacking thin-plate 
cores of silicone steel plates with generally sector 
shape, and constitutes a magnetic pole through 
which the magnetic flux from the permanent mag- 
net 1 2 passes. The side surface of each laminated 
core member 14 is in close contact with the side 
surface of adjacent permanent magnet 12 Each 
laminated core member 14 is provided with inner 
hooks 16 projecting from portions of the side sur- 
faces near the inner edges of the core member in 
a circumferential direction. In this rotor, the lami- 
nated core members 14 include no outer hook, 
because the thickness of the permanent magnets 
12 is small (see Fig. 2). 

Annular end plates 18 are arranged at axial 
both ends of the permanent magnets 12 and the 
laminated core members 14. Each of the end 
plates 18 is fixed to the rotating shaft 10 by. e.g., a 
shrinkage fitting process. Further, each laminated 
core member 14 is provided with a through hole 20 
(Fig. 2) axially passing through the generally center 
of the core member, and a rod member 22 is 
inserted into each through hole 20. Each rod mem- 
ber 22 passes through the bores (not shown) 
formed in the end plates 18 at the position aligned 
to the through hole 20 of each laminated core 
member 14, so as to be fixed to the end plates 18 
at both ends of the rod member. 

As shown in Fig. 1, each laminated core mem- 
ber 14 is separated into two parts by a circular- 
plate member 24 disposed at generally the center 
position of the laminated construction. The circular- 
plate member 24 is preferably made of a non- 
magnetic material, such as a stainless steel. As 
shown in Fig. 3, the circular-plate member 24 is 
provided with a shaft hole 26 at the center thereof, 
into which the rotating shaft 10 is fitted, six mag- 
net-fastening holes 28 around the shaft hole 26, 
into which the permanent magnets are inserted, 
and six rod-supporting holes 30 between the adja- 
cent magnet-fastening holes 28, into which the rod 
members 22 are closely fitted. 

The inner diameter uf the shaft hole 26 is 
substantially equal to the outoi diameter of the 
rotating shaft 10, thereby the circular-olate member 


24 is fixedly supported in a radial direction by the 
rotating shaft 10 in the laminated construction of 
the laminated core members 14. 

The magnet-fastening holes 28 have rectangu- 
t> tar peripheral edges 32 with substantially the same 
profile as a cross-sectional shape of the permanent 
magnets 12 perpendicular to the axis of the mag- 
nets, and are formed at the positions substantially 
corresponding to the positions of the six permanent 
70 magnets 12 m the rotor. Therefore, each perma- 
nent magnet 12 held between the laminated core 
members 14 passes through each magnct-fastcn- 
ing hole 28 of the circular-plate member 24, and 
thus being fastened at a predetermined position in 
75 the radial direction by the magnet-fastening hole 
28. Consequently, the permanent magnets 12 are 
fixedly supported against the external force acting 
radially outwardly, by the circular-plate member 24. 
The rod-supporting holes 30 are formed at the 
.?o positions substantially corresponding to the posi- 
tions of the rod member 22 in the rotor. Therefore, 
each rod member 22 passes at the generally axial 
center thereof through each rod-supporting hole 30 
of the circular-plate member 24, and thus being 
:?5 supported in the radial direction by the circular- 
plate member 24. In this manner, the laminated 
core members 1 A are fixedly supported through the 
rod members 22 by the end plates 20 and the 
circular-plate member 24. 
30 As mentioned above, because the magnet-fas- 

tening holes 28 have rectangular peripheral edges 
32 with substantially the same profile as a cross- 
sectional shape of the permanent magnets 12, it 
becomes possible in this rotor to omit the inner 
35 hooks 16 of the laminated core members 14 if 
desired. As a result, the magnetic leakage between 
the different magnetic poles due to the inner hooks 
16 are eliminated, and the magnetic properties of 
the rotor are improved by forming the circular-plate 
40 member 24 from non-magnetic material. 

Preferably, the above-mentioned rotor is sub- 
jected to a resin impregnating process for mutually 
fixing the members, as usual, before the rotating 
shaft 10 is fitted. In this manner, the permanent 
45 magnets 12 and the laminated core members 14 
are surely fixed in the radial and circumferential 
directions, and thus providing a rotor for a synchro- 
nous motor with a high rigidity. 

Further, as shown in the drawings, the above- 
so mentioned rotor may be considered to be a high- 
torque type rotor, such as a conventional rotor 
shown in Fig. 6a, in which permanent magnets are 
formed by axially connecting the permanent mag- 
nets 3 and extend along two core assemblies 2 
55 each having a basic size (axial length). Therefore, 
according tu Ihe present invention, it becomes pos- 
sible to reduce the number of the permanent mag- 

notS 1? in thP hinh-tnrnuo tvnn rotnr Thnc thr> 
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rotor of the present invention also has the effect of 
reducting manufacturing costs. 

Referring to Fig. 4, a rotor according to the 
second embodiment of the present invention in- 
cludes, similar to the rotor of the first embodiment, 
a rotating shaft 10, permanent magnets 34 radially 
arranged around the rotating shaft 10, laminated 
core members 14 arranged between adjacent per- 
manent magnets 12, and a circular-plate member 
24 disposed at generally the center position of the 
laminated construction of the laminated core mem- 
bers 14. Each of the permanent magnets 34 has 
the same cross-sectional shape as that of the per- 
manent magnet 12 of the first embodiment, and a 
length slightly projecting from the axial both ends 
of the laminated core member 14. End plates 36 
are arranged at the axial both ends ot the perma- 
nent magnets 34 and the laminated core members 
14, and each end plate 36 is provided with a 
plurality of fastening recesses 38 recessed in the 
axial direction on the side facing tn the laminated 
core members 14. The fastening recesses 38 have 
rectangular peripheral edges (not shown) with sub- 
stantially the same cross-sectional shape as those 
of the permanent magnets 34. in the same way as 
the magnet-fastening holes 28 of the circular-plate 
member 24, and are formed at the positions sub- 
stantially corresponding to the positions of the per- 
manent magnets 34 in the rotor. Therefore, in the 
rotor of the second embodiment, the permanent 
magnets 34 are fastened at the predetermined po- 
sition in the radial direction, and fixedly supported 
against the external force acting axially outwardly, 
such as centrifugal force, by the magnet-fastening 
holes 28 of the circular-plate member 24 and the 
fastening recesses 38 of the end plates 36. Note, in 
this embodiment, the fastening recesses 38 of the 
end plates 36 may be replaced by holes axially 
passing through the end plates 36. 

Referring to Fig. 5, a rotor according to the 
third embodiment of the present invention includes 
permanent magnets 40 and laminated core mem- 
bers 42, each of whir ( nas axial length generally 
twice that of the rotor :he first embodiment. Each 
of the permanent magnets 40 has the same cross- 
sectional shape as that of the permanent magnet 
12 of the first embodiment, and a length extending 
along the substantial axial entire length of the lami- 
nated core member 42. The circular-plate mem- 
bers 24 are arranged at the positions dividing the 
laminated construction of the laminated core mem- 
bers 42 into quarters. The permanent magnets 40 
pass through the magnet-fastening holes 28 of 
each circular-plate member 24, and are fastened at 
the predetermined positions in the radial direction 
by the magnet-fastening holes 28. Therefore, the 
permanent magnets 40 are fixedly supported by 
thro*-: circular-olate members 24 aoainst an external 


force acting axially outwardly, such as centrifugal 
force. 

In the rotor of the third embodiment, the per- 
manent magnets 40 may be divided into two equal 

5 parts at generally axial center position thereof, and 
the end face of each divided part may be butted 
against each other in the magnet-fastening holes 
28 of the circular-plate member 24 arranged at the 
center of the laminated core members 42. In this 

io manner, by providing the circular-plate member 24 
with the magnet-fastening holes 28 through which 
the permanent magnets pass, the length of the 
permanent magnet used for the rotor may be freely 
selected, and as a result, it becomes possible to 

?5 optimize the manufacturing costs of the high-torque 
type rotor. Of course, the end plate 36 of the 
second embodiment may be incorporated into the 
third embodiment, so as to further improve the 
fastening function for the permanent magnets. 

20 In the above embodiments, the magnet-fasten- 

ing holes 28 of the circular-plate member 24 have 
rectangular peripheral edges 32 with substantially 
the same profile as a cross-sectional shape of the 
permanent magnets 12 (34, 40). and are formed at 

-j'j the positions substantially corresponding to the po- 
sitions of the permanent magnets 12. However, the 
peripheral edge 32 of each magnet-fastening holes 
28 does not always have the same profile as a 
cross-sectional shape of the permanent magnet 12, 

30 and it is only desired that the peripheral edge 32 
has at least the portion adapted to abut against the 
radially outer surface of the permanent magnet 12. 
In such a case, the permanent magnets 12 can 
also be fixedly supported by the circular-plate 

35 member 24 against an external force acting axially 
outwardly, such as centrifugal force. In this case, 
the permanent magnets 12 are supported in the 
circumferential direction and the radially inward di- 
rection by the side surfaces and the inner hooks 16 

40 of the adjacent laminated core members 14. 

[Industrial Applicability] 

The present invention has a construction in 
45 which at least one circular-plate member is ar- 
ranged at the predetermined position in the lami- 
nated construction of the laminated core members, 
a plurality of magnet-fastening holes, each of which 
has a peripheral edge portion adapted to abut on at 
so least the radial outer surface of the permanent 
magnet and into which the magnets are inserted, 
are formed in the circular-plate member at the 
positions substantially corresponding to the posi- 
tions of the permanent magnets in the rotor, and 
55 thus the deflection of tfie permanent magnets in 
the radial direction is prevented by the peripheral 
edge portion of the magnet-fastening holes of the 
circular-plate member Therefore, oven when the 
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outer hooks for holding the permanent magnets 
cannot be formed on the laminated core members, 
it becomes possible to fixedly support the perma- 
nent magnets against an external force acting ax- 
ially outwardly, by using the circular-plate member. 
Consequently, the rigidity of the rotor against par- 
ticularly the centrifugal force produced by high- 
speed rotation or the magnetic attraction force is 
improved, and thus providing the synchronous mo- 
tor with good balance and high reliability. 

LIST OF REFERENCE NUMERALS 
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Claims 



1. A rotor for a synchronous motor, comprising: 
a rotating shaft; 

a piuraiiiy of permanent magnets radially 
arranged around said rotating shaft, and ex- 
tending in an axial direction; 

a plurality of laminated coro members 
formed by axially stacking magnetic thin-plate 
cores, and arranged around said rotating shaft 
while holding each permanent magnet there- 
between so as to constitute magnetic poles; 

a pair of end plates arranged at axial both 
ends of said permanent magnets and said 
laminated core members, and fixed to said 
rotating shaft; 

a plurality of rod members passing 
through each of said laminated core members 
in the axial direction, and connected to said 
end plates at both ends of the rod members; 
and 

a fastening means for fastening said per- 
manent magnets between adjacent laminated 
core members at predetermined positions in a 
radial direction; 

wherein said fastening means includes at 
least one circular-plate member arranged at a 
predetermined position in a laminated con- 
struction of said laminated core members; said 
circular-plate member being provided with a 
shaft hole into which said rotating shaft is 
fitted, rod-supporting holes arranged around 
said shaft hole, into which said rod members 
are inserted, and magnet-fastening holes ar- 
ranned between adjacent rnd-si rnnnriinn fining 


into which said permanent magnets are in- 
serted; said magnet-fastening holes being 
tormed in and passing through said circular- 
plate member while having peripheral edge 
5 portions adapted to abut on at least radial 

outer surfaces of said permanent magnets at 
positions substantially corresponding to said 
permanent magnets. 

tc 2. A rotor for a synchronous motor as set forth in 
claim 1, wherein said circular-plate member is 
made of a non-magnetic material. 

3. A rotor for a synchronous motor as set forth in 
75 claim 1, wherein said circular-plate member is 

arranged at positions dividing the laminated 
construction of said laminated core members 
into some equal parts 

:?o 4. A rotor for a synchronous motor as set forth in 
claim 3. wherein said circular-plate member is 
arranged at generally center position in the 
axial direction of the laminated construction of 
said laminated core members. 

25 

5. A rotor for a synchronous motor as set forth in 
claim l. wherein said magnet-fastening holes 
of said circular-plate member have peripheral 
edges with substantially the same profile as a 

30 cross-sectional shape of said permanent mag- 

nets perpendicular to an axis of said perma- 
nent magnets. 

6. A rotor for a synchronous motor as set forth in 
35 claim 1 , wherein said permanent magnets have 

a length slightly projecting from both axial end 
faces of said laminated core members, and 
said fastening means further includes a plural- 
ity of fastening recesses formed in each of 
said end plates so as to receive end portions 
of said permanent magnets while defining pe- 
ripheral walls adapted to abut on at least radial 
outer surfaces of the end portions, at positions 
substantially corresponding to each of said 
45 permanent magnets. 

7. A rotor of a synchronous motor as set forth in 
claim i, wherein said fastening means further 
includes fastening hooks projecting from side 

so surfaces, being in contact with said permanent 

magnets, of said laminated core members by 
inner edges of said laminated core members in 
a circumferential direction. 

55 8. A rotor of a synchronous motor as set forth in 
claim 1, wherein each of said permanent mag- 
nets is formed as a continuum extending along 

non^rallv axinl entire l^nrjth nf said laminated 
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core members. 

9. A rotor of a synchronous motor as set forth in 
claim 1 , wherein each of said permanent mag- 
nets is divided in each of said magnet-fasten- 5 
ing holes of predetermined circular-plate mem- 
ber arranged in said laminated core members. 

10. A rotor of a synchronous motor as set forth in 
claim 1, wherein an impregnent is impregnated w 
into gaps between several components of a 
rotor core assembly constructed of a combina- 
tion of said permanent magnets, said lami- 
nated core members, said end plates, said rod 
members, and said at least one circular-plate /5 
member. 
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